ABSTRACT 1I/'Oumuamua is the first interstellar interloper to have been detected. Because planetesimal formation and ejection of predominantly icy objects are common by-products of the star and planet formation processes, in this study we address whether 1I/'Oumuamua could be representative of this background population of ejected objects. The purpose of the study of its origin is that it could provide information about the building blocks of planets in a size range that remains elusive to observations, helping to constrain planet formation models. We compare the mass density of interstellar objects inferred from its detection to that expected from planetesimal disks under two scenarios: circumstellar disks around single stars and wide binaries, and circumbinary disks around tight binaries. Our study makes use of a detailed study of the PanSTARRS survey volume; takes into account that the contribution from each star to the population of interstellar planetesimals depends on stellar mass, binarity, and planet presence; and explores a wide range of possible size distributions for the ejected planetesimals, based on solar system models and observations of its small-body population. We find that 1I/'Oumuamua is unlikely to be representative of a population of isotropically distributed objects, favoring the scenario that it originated from the planetesimal disk of a young nearby star whose remnants are highly anisotropic. Finally, we compare the fluxes of meteorites and micrometeorites observed on Earth to those inferred from this population of interstellar objects, concluding that it is unlikely that one of these objects is already part of the collected meteorite samples.
INTRODUCTION
The presence of protoplanetary and debris disks indicates that planetesimal formation is a common byproduct of the star formation process (Moro-Martín 2013 and references therein). The discovery of thousands of extra-solar planetary systems is evidence that, in some cases, this has led to the formation of planets in a wide range of planetary architectures (Winn & Fabrycky 2015) .
Observations and models of the solar system, addressing its formation and dynamical evolution, indicate that a significant fraction of the planetesimals that initially formed during the planet formation process were eventually ejected into interstellar space by gravitational perturbation with the planets. This happened during different stages of the solar system's evolution. It is thought that before 10 Myr after the Sun was formed, while the Sun was still embedded in its maternal cluster, and before the gas in the primordial protoplanetary disk dispersed, Jupiter and Saturn formed and scattered planetesimals in the Jupiter-Saturn region to large distances; a fraction of this material had their perihelion lifted beyond the influence of the giant planets due to external perturbations by the stars and the gas in the cluster, populating the Oort could; but most of the scattered material (75-85%; Brasser et al. 2006 ) was ejected into interstellar space. At a latter stage, between 10 and 100 Myr, it is thought that the gravitational perturbations from Jupiter and Saturn, and the mutual perturba-tions amongst the largest asteroids, depleted the asteroid belt by a factor of ∼100, leaving behind an asteroid belt about 10-20× more massive than today (O'Brien et al. 2007) . And the latest episode of massive planetesimal clearing would have occurred at ∼ 700 Myr, when it is thought that the migration of the giant planets (due to the interaction of the planets with a massive trans-Neptunian planetesimal disk) triggered an instability that resulted in the rearrangement of the planets' orbits into their current configuration; in this process, secular resonances swept through the asteroid belt making their orbits unstable, scattering some asteroids into the inner solar system producing the Late Heavy Bombardment, while ejecting others out of the system, resulting in an additional depletion factor of ∼10-20; this planet rearrangement also resulted in the sudden outward migration of Neptune and its exterior mean motion resonances, that swept through the Kuiper belt heavily depleting it Morbidelli et al. 2005; Tsiganis et al. 2005) . Overall, it is estimated that in the solar system only a very small fraction of negligible mass of the initial planetesimal disk was left behind.
Even though the efficiency of planetesimal ejection is very sensitive to the planetary architecture and its dynamical history, dynamical models indicate that planetesimal clearing processes might be common under a wide range of architectures (Raymond et al. 2018b and references therein) . This has led to the idea that the interstellar space must be filled with objects with a planetesimal disk origin, a population that would have a predominantly icy composition because the majority of the ejected material would have formed outside the snowline in their parent systems.
Some of these objects would enter the solar system in highly hyperbolic orbits due to the the velocity of the Sun with respect to the Local Standard of Rest (LSR; v LSR = 16.5 km s −1 ), making these interstellar interlopers clearly distinguishable from other solar system objects. However, up to the discovery of 1I/'Oumuamua, not a single object with these kinematic properties had been discovered, triggering studies to address if the absence of detections was consistent with our expectations from planetesimal formation models and observations (McGlynn & Chapman 1989; Moro-Martín et al. 2009; Engelhardt et al. 2017) .
The detection of 1I/'Oumuamua by PanSTARRS (Williams 2017) , with a clearly hyperbolic orbit (eccentricity e = 1.197, semi-major axis a = -1.290, perihelion q = 0.254, and inclination i = 122.6), and high pre-encounter velocity (26.22 km s −1 , with U, V, W = -11.325, -22.384, -7.629 km s −1 ; Mamajek 2017), had therefore been been anticipated for decades. Its composition, initially identified as refractory because of the lack of cometary activity (Jewitt et al. 2017; Meech et al. 2017) , but now established as icy because of the evidence of outgassing (the lack of activity likely due to the presence of a thin insulating mantle; Micheli et al. 2018) , also agrees well with the expectation that the majority of the ejected planetesimals populating the interstellar medium would have formed beyond the snowline of their parent systems.
1I/'Oumuamua's lightcurve (with 2-2.5 photometric variability) indicates that its shape is very elongated, with different authors estimating an axis ratio ranging from 3 to 10 (> 6:1 in Jewitt et al. 2017, 5: 3.1 in Banninster et al. 2017 , 10:1 in Meech et al. 2017 in Drahus et al. 2018 , from 3.5 to 10.3 in Bolin et al. 2018 , > 5:1 in Fraser et al. 2018 . For the radius, estimates range from 55 m (for albedo 0.1, Jewitt et al. 2017) , 60 m (for albedo 0.04, Fraser et al. 2018) , 102 m (for albedo 0.04, Meech et al. 2017) , and 130 m (for albedo 0.03, Bolin et al. 2018) , the uncertainties arising from its unknown shape and albedo. Its tumbling state and composition are consistent with a bulk density of ∼ 1 g/cm 3 (Drahus et al. 2018) . 1I/'Oumuamua is a small object that was fortuitously detected in a magnitudelimited survey after its perihelion passage because it happened to pass very close to the Earth on its way out of the solar system (Jewitt et al. 2017) .
Different studies have calculated the number density of 1I/'Oumuamua-like objects, using a range of estimates for the detection volume, and inferred from these estimates what the contribution per star would need to be, discussing whether or not these estimates agree with expectations (Gaidos et al. 2017; Laughlin & Batygin 2017; Trilling et al., 2017; Do et al. 2018; Feng & Jones 2018; Rafikov 2018; Raymond et al. 2018b; Portegies-Zwart et al. 2018) .
The study presented here addresses the same overall question. The goal is to shed light on the potential origin of 1I/'Oumuamua by comparing the total mass density of interstellar objects inferred from its detection, assuming the object is representative of a population that is isotropically distributed, to the total mass density expected from the ejection of planetesimal from circumstellar and circumbinary disks. Our approach differs from previous studies in that: (1) it makes use of a detailed study of the PanSTARRS survey volume; (2) it takes into account that the contribution from each star to the population of interstellar objects depends on the mass of the central mass, whether the star is in a single or a close binary system (where "singles" also refer to wide binaries), and whether it is a planet-host; and (3) it takes into account that the ejected planetesimals populating the interstellar medium have a size distribution, for which we have assumed a wide range of possible distributions based on solar system models and observations, approximated as broken power laws. This approach addresses some of the caveats of previous studies.
Based on a single detection, it is difficult to predict when we will be able to observe the next interstellar interloper. But 1I/'Oumuamua, as a true "messenger from afar arriving first" (the meaning of its name in Hawaiian), has opened a new window to study the planet building blocks around other stars in a size range that is not accessible via remote observations of these systems (tracing only the two extremes of the size distribution: the dust component and the planets). Its study can therefore complement the information we have from the study of meteorites, asteroids, Kuiper belt objects, comets, and other minor bodies in our solar system, and from the study of protoplanetary and debris disks around other stars, setting constraints on planetesimal and planet formation models.
EXPECTED MASS DENSITY OF INTERSTELLAR OBJECTS BASED ON THE DETECTION OF
1I/'OUMUAMUA 2.1. Cumulative Number Density of Interstellar Objects To estimate the total mass density of interstellar objects, we adopt the number density distribution derived by Do et al. (2018) . They make the assumption that the objects are isotropically distributed, and adopt for 1I/'Oumuamua an absolute magnitude of H = 22.1, a nominal phase function with slope parameter G = 0.15, and a velocity at infinity, v ∞ = 26 km s −1 . For these values, they compute the minimum and maximum distance that PanSTARRS could have seen such an object, and assume that each observation covers 6 deg 2 . They then calculate the total survey volume by taking into account the effect of gravitational focusing by the Sun, trailing losses due the the tangential velocity of the object with respect to the Earth, the degradation of the signal by the background noise, that the object can come from any approach direction, and assuming that the detection rate for objects as large as 1I/'Oumuamua is given by one detection in the 3.5 year survey time. Assuming that the cumulative number density of interstellar objects down to the detection size R (taken as 1I/'Oumuamua's size) is the inverse of the survey volume, they estimate a cumulative number density of N r R = 0.21 au −3 ∼ 2 · 10 15 pc −3 . They note that this is an underestimate of at most 40% because the objects have a cumulative size distribution that falls at larger sizes. On the other hand, they point out that the detection process is not 100% efficient over the full 6 deg 2 and given these inefficiencies the detection volume could be 2/3-3/4 of the nominal value, so that the number density could be 4/3-3/2 of their inferred number density.
For comparison, other authors estimate that the number density is 0.1 au −3 = 8·10 14 pc −3 (Jewitt et al. 2017 , Fraser et al. 2018 Gaidos et al. 2017; 20 years Feng & Jones 2018) and also a small range of dark albedos and absolute magnitude that result in a range of average object radius (55 m Jewitt et al. 2017; 60 m Fraser et al. 2018 ; 100 m Portegeis- Zwart et al. 2018; 115 m Gaidos et al. 2017; 50 m Feng & Jones 2018) . We adopt the cumulative number density estimate from Do et al. (2018) because of their careful calculation of the PanSTARRS detection volume.
Using this number density, we estimate below the expected mass density of interstellar objects but, as opposed to the studies mentioned above, we explore a wide range of possible size distributions.
We note that the value of N r R that we are adopting from Do et al. (2018) assumes mono-sized objects. Ideally, in the calculations described below, one would want to recalculate this value for the wide range of size distributions considered. However, given that from Do et al. (2018) we are adopting the order of magnitude estimate of N r R ∼ 2 · 10 15 pc −3 , and that that in the parameter space exploration described in Section 3.5, we are studying the effect of adopting a wide range of other possible cumulative number densities (based on the values mentioned above, inferred by other authors), we will adopt the Do et al. (2018) value as such but warn the reader that, in doing so, an approximation is being made.
Size Distributions Considered for the Interstellar
Object Population The only small-body population that can be studied in any detail is that of the solar system. Assuming initially that the source of the interstellar objects are planetesimal disks similar to that of the early solar system, and using models and observations of its small-body population, together with theoretical models of accretion processes, we explore the following range of possible size distributions, where r is the object radius.
2.2.1. Power law Size Distribution with Two Slopes n(r) ∝ r −q1 if r min < r < r b n(r) ∝ r −q2 if r b < r < r max q 1 = 2.0, 2.5, 3.0, 3.5 q 2 = 3, 3.5, 4, 4.5, 5 r b = 3 km, 30 km, 90 km r max ≈ 1000 km and r min ≈ 1 µm
This selection is similar to that adopted in MoroMartín et al. (2009) and is based on solar system observations and on accretion and collisional models.
From the current size distribution of the asteroid belt, and taking into account observational constraints and collisional evolution models, Bottke et al. (2005) estimated that the size distribution in the "primordial" asteroid followed a broken power law of n(r) ∝ r −q1 if r < r b and n(r) ∝ r −q2 if r > r b , where r is the planetesimal radius, r b ≈ 50 km, q 1 ≈ 1.2 and q 2 ≈ 4.5. This distribution would have been established early on as a result of a period of collisional activity before Jupiter formed (few Myr), and a period of collisional activity triggered by the planetary embryos (10-100 Myr).
For the Kuiper belt (KB), the Hubble Space Telescope survey by Bernstein et al. (2004) yielded q 1 = 2.9 and q 2 > 5.85 for the classical KB, and q 1 < 2.8 and q 2 = 4.3 for the excited KB, with r b ≤ 50 km in both cases; a pencilbeam search by Fuentes, George & Holman (2009) found r b ≈ 45±15(p/0.04) −0.5 km (where p is the albedo); and a Subaru survey by Fraser and Kavelaars (2009) , sensitive to KBOs with r > 10 km, found q 1 = 1.9, q 2 = 4.8, and r b ≤ 25-47 km (assuming a 6% albedo). Other KBO surveys reviewed by Kenyon et al. (2008) yielded q 2 ≈ 3.5-4 and r max ∼ 300-500 km for the cold classical KB (a = 42-48 au, perihelion >37 au, i 4 • ); q 2 ≈ 3 and r max ∼ 1000 km for the hot classical KB (i 10
• ); and q 2 ≈ 3 and r max ∼ 1000 km for the resonant population; in all cases, the transitional radius is r b ≈ 20-40 km (for albedo ∼ 0.04-0.07).
Elliptic comets follow a power law of index q ≈ 2.9 for r > 1.6 km or q ≈ 2.6, when including cometary near-Earth objects (thought to be extinct elliptic comets; Lamy et al. 2004) . Because their size distribution has heavily evolved due to collisions and perihelion passages, it might be more representative of systems that have experienced a high degree of collisional activity.
Coagulation models that take into account the collisional evolution due to self-stirring find that the differential size distribution expected for KBOs follows a broken power law with n(r) ∝ r −q1 if r ≤ r 1 , n(r) ∝ constant if r 1 ≤ r < r 0 , and n(r) ∝ r −q2 if r ≥ r 0 , where r is the planetesimal radius and q 1 ≈ 3.5 (resulting from the collisional cascade); for a fragmentation parameter, Q b 10 5 erg g −1 , q 2 ≈ 2.7-3.3, and r 0 ≈ r 1 ≈ 1 km; while for Q b 10 3 erg g −1 , q 2 ≈ 3.5-4, r 1 ≈ 0.1 km, and r 0 ≈ 10-20 km (see review in Kenyon et al. 2008) . These authors argue that the comparison between the observational and the modeling results indicates that self-stirring alone cannot account for the observed size distribution in the KB and that dynamical perturbations have played a major role, suggesting that the size distribution in the KB was frozen after a short-lived event of dynamical excitation likely produced by planet migration (otherwise, it would have evolved to a shallower distribution). Fraser and Kavelaars (2009) argued that the large r b observed implies increased collisional evolution, while the large q 2 suggests there was an early end to the accretion stage.
None of these models can simultaneously reproduce the observed slopes for the large and the small objects and the break radius, probably because they do not take into account the full dynamical history of the system. Other planetary systems, potential sources of interstellar objects, will likely have experienced a wide range of dynamical and collisional histories, and the size distribution of their ejected bodies will therefore depend significantly on the degree of dynamical/collisional evolution at the time of the ejection. To take this into account, we consider a wide range of possible size distributions, based on the ob-servations and the models described above, encompassed by the range of parameters in Equation (1).
Power law Size Distribution with Five Slopes
n(r) ∝ r −q1 if r min < r < r b1 n(r) ∝ r −q2 if r b1 < r < r b2 n(r) ∝ r −q3 if r b2 < r < r b3 n(r) ∝ r −q4 if r b3 < r < r b4 n(r) ∝ r −q5 if r b4 < r < r max r max ≈ 1000 km and r min ≈ 1 µm
In both cases, r 1 = 0.1 km, r 2 = 2 km, r 3 = 10 km, and r 4 = 30 km, with slopes:
• At 4.5 Gyr, q 1 = 3.7, q 2 = 2.5, q 3 = 5.8, q 4 = 2.0, q 5 = 4.01.
• At 100 Myr, q 1 = 3.7, q 2 = 2.6, q 3 = 6.8, q 4 = 3.2, q 5 = 3.8.
This five-slope power law is based on Schlichting et al. (2013) , who studied the size distribution of the smallbody population of the Kuiper belt. They find that the current size distribution can be explained by coagulation models starting with an initial planetesimal population of ∼ 1 km radius objects (where the best match is for an initial population containing about equal mass per logarithmic mass bin in bodies ranging from 0.4 km to 4 km), and subsequent collisional evolution. The size distribution beyond ∼ 30 km would be primordial, i.e. a relic from the the accretion history, and is well matched by coagulation models of runaway growth. While the size distribution below 30 km would have been modified by collisional evolution, with a slope that changes with time and object radius, approaching the value expected for an equilibrium collisional cascade of material-strength dominated bodies for objects < 0.1 km (about the size of 1I/'Oumuamua). Compared to a single power law size distribution, there is a strong excess of bodies at r ∼ 2 km, caused by the planetesimal size distribution left over from the runaway growth phase, that remains even after 4.5 Gyr of collisional evolution, and a strong deficit of bodies with r ∼ 10 km, a depletion caused by collisions with the excess population of km size bodies.
In our study, to take into account the possible different degrees of collisional evolution, we will adopt the size distribution resulting from the models in Schlichting et al. (2013) at two different times: 100 Myr and 4.5 Gyr [the corresponding parameters are listed in Equation (2)].
A caveat of using this power law is that it reflects that, in the solar system, the formation and migration of the outer planets and resulting excitation of the velocity dispersion of the growing planetesimals halted planet formation in the KB region, while in other systems this formation history may have been different, changing the resulting size distribution. On the other hand, it makes the KB an interesting study case precisely because it is a remnant of the primordial system (Schlichting et al. 2013) , and the the source of the 1I/'Oumuamua-like interstellar objects might be young systems.
Another caveat is that the size distribution depends on the strength law and the catastrophic destruction threshold (Q * D , the specific energy needed to create a spectrum of targets where the largest one has half the mass of the initial target), so we are assuming that the smallbody population in other systems are similar to those in the solar system, which might not necessarily be the case, in particular given the remarkably elongated shape of 1I/'Oumuamua. However, Schlichting et al. (2013) point out that the main signatures (the overall excess of ∼ 2 km size bodies and the deficit of ∼ 10 km size bodies) are independent of these parameters and the initial size distribution (which remains as one of the major open questions), making this size distribution worth exploring.
Bulk Density
To estimate the total mass density of interstellar objects, using the number density derived in § 2.1 and the range of size distributions discussed in § 2.2, we need to make an assumption for the object's bulk density. Due to the lack of cometary activity, some authors had argued that 1I/'Oumuamua might be of refractory nature and asteroidal origin (Trilling et al., 2017; Jackson et al. 2018; Rafikov 2018; Raymond et al. 2018b ). However, its surface physical properties, that resemble that of a comet (Jewitt et al. 2017; Fitzsimmons et al. 2018) , its tumbling state that is consistent with a low bulk density (Drahus et al. 2018) , and its recently found nongravitational acceleration, consistent with outgassing (Micheli et al. 2018) , all indicate that the object is icy and of cometary origin. Therefore, we will assume a bulk density of 1.0 g/cm 3 , following Drahus et al. (2018) . Bolin et al. 2018) . In our study, we adopt initially an intermediate effective ratio of 80 m, corresponding to an albedo of 0.037 and axis ratio > 4.63, estimated by Drahus et al. (2018) , but also explore other radii because of uncertainties in the albedo and the shape of the object. For example, Fraser et al. (2018) estimate an average radio of 60 m for albedo 0.04, but point out that the albedo could be as high as 0.08, with the corresponding decrease in object size. Using Equation (17) in Appendix A.1 (derived for a two-slope size distribution), where R and r i are in cm, we can estimate the expected mass density of interstellar objects, m total (g pc −3 ), using the cumulative number density discussed in § 2.1 (N r R = 2 · 10 15 pc −3 ), the bulk density discussed in § 2.3 (ρ = 1 g cm −3 ), the object radius discussed in § 2.4 (R = 80 m), and by exploring (Drahus et al. 2018) , and for the range of power law slopes (q 1 and q 2 ) and break radius (r b ) discussed in Equation 1. The different colors correspond to different values of q 1 , with q 1 = 2 (red), 2.5 (orange), 3 (yellow), 3.5 (green), 3.95 (light blue; used instead of 4 to avoid dividing by zero), 4.5 (dark blue), and 5 (pink). The dotted lines correspond to the mass density of interstellar objects expected to arise from planetesimal disks around stars in single and wide binary systems [discussed in § 3.5, adding Equations (6) and (7)], and from tight binary systems [discussed in § 3.5 and given by Equation (8)]. The top line, labeled singles (max), corresponds to the maximum mass density of interstellar material expected to originate from single and wide binary systems if we were to assume that all stars, independently on whether or not they host a planet, contribute [i.e. if we adopt f pl = 1 in Equations (6) and (7)]. The bottom line, labeled singles (nominal), is the contribution expected from single stars and wide binaries in the nominal case under which only stars with giant planets contribute [or Neptune-size planets in the case of low-mass stars; i.e. if we adopt f pl = 0.03 in Equation (6) and f pl = 0.2 in Equation (7)]. In both cases, for the top and the bottom lines, most of the material ejected would be icy. The middle line, labeled close binaries, corresponds to the expected contribution from tight binary systems. In this case, it is expected that about 36% of the ejected material would be icy (Jackson et al. 2018) , so when considering only icy material (more relevant because of the icy nature of 1I/'Oumuamua), this estimate would be slightly larger than the singles (nominal) case.
the range of parameters for the two-slope power law size distribution described in Equation 1. 
From the Power Law Size Distribution with Five Slopes
Similarly to § 2.5.1, we now estimate the expected mass density of interstellar objects for the case where the size distribution is the one derived by Schlichting et al. (2013) for the solar system at 100 Myr ( Figure 5 ) and at 4.5 Myr (Figure 6 ), using Equation (28) in Appendix A.2. In this case, the slopes and boundary radius of the adopted size distribution remain fixed at the values given by Equation (2) (two different set of values for the 100 Myr and 4.5 Gyr cases, respectively). The axes of Figures 5 and 6 explore different values of the cumulative number density (N r R ) and the object radius (R) in logarithmic scale, with the colors corresponding to the calculated value of the mass density of interstellar objects (m total ) for each pair of values. The mass density corresponding to 1I/'Oumuamua's nominal values (N r R = 2 · 10 15 pc −3 , R = 80 m) is shown as a cross. For all cases, ρ = 1 g cm −3 . The dotted lines are the same as in Figures 1-4 . The results are discussed in § 3.6.
EXPECTED MASS DENSITY OF INTERSTELLAR OBJECTS WITH A PLANETESIMAL DISK ORIGIN
The hypothesis that we are testing in this study is whether the source of the population of interstellar objects could be the circumstellar and circumbinary planetesimal disks that form as part of the planetesimal/planet formation process, assuming that 1I/'Oumuamua is representative of a background population of interstellar objects that are isotropically distributed. To test this hypothesis, we now estimate the mass density of interstellar objects that would be expected to have a planetesimal disk origin, and compare that value to the one derived above from the detection Figure 5 . Expected mass density of interstellar objects calculated from Equation (28) in Appendix A.2, corresponding to the size distribution derived by Schlichting et al. (2013) for the solar system at 100 Myr (described by Equation 2). The x-axis corresponds to the cumulative number density in pc −3 and the y-axis to the object radius in cm (both in log scale). The colors correspond to the calculated value of the mass density of interstellar objects (m total , in g pc −3 ) for a given pair of values. The cross denotes the mass density corresponding to 1I/'Oumuamua's nominal values of N r R = 2 · 10 15 pc −3 and R = 80 m. The adopted bulk density is ρ = 1 g cm −3 . The dotted lines correspond to the mass density of interstellar objects expected from a planetesimal disk origin (see caption of Figure 1 ). of 1I/'Oumuamua (discussed in § 2.5).
To do this, we follow the procedure in Moro-Martín et al. (2009) with some modifications. This study differs from the approach taken by other authors (Gaidos et al. 2017; Laughlin & Batygin 2017; Trilling et al., 2017; Do et al. 2018; Feng & Jones 2018; Rafikov 2018; Raymond et al. 2018b; Portegies-Zwart et al. 2018) because, in addition to using the detailed study by Do et al. (2018) of the PanSTARRS survey volume to estimate the cumulative number density of objects larger or equal than Oumuamua, it takes into account: (1) that the contribution from each star to the population of interstellar planetesimals depends on the mass of the central mass, whether the star is in a single, wide binary or tight binary system, and whether it is a planet-host; (2) a wide range of possible size distributions for the ejected planetesimals, based on solar system models and observations of its small-body population (as discussed in §2.2).
We now calculate separately the contribution to the total mass density of interstellar solids from single stars and wide binary systems, and from tight binary systems.
• Contribution from single stars and wide binary systems:
• Contribution from close binary systems:
where the different terms are described in the following sections.
3.1. Number Density of Stars 3.1.1. Singles and Wide Binaries:
Following Kroupa et al. (1993) , we assume that the number density of stars per pc 3 , out to ∼ 130 pc from the Sun, within the mid-plane of the galaxy, and with stellar masses between M * and M * +dM * (in units of M ), is given by
(5) Equation (5) corresponds to an initial mass function derived based on the present-day mass function, assuming no significant stellar evolution for low-mass stars, and using Scalo's (1986) initial mass function for higher masses (Kroupa et al. 1993) . We use the initial mass function instead of the present-day mass function because we are interested in the contribution that the young planetesimal disks could have made to the population of interstellar planetesimals.
Following Jackson et al. (2018) , we adopt a binary frequency, f bin = 0.26, i.e. 26% of stars are in tight binaries, while the remaining 74% are in single or wide binary systems, where the boundary between wide and tight binaries is chosen at the point at which the outermost stable orbit around the more massive stars is > 10 au.
Tight Binaries: ξ(Msys)f bin dMsys
We assume, following Jackson et al. (2018) , that the combined mass of the tight binary systems (M sys ) is drawn from the same population as the singles [described in Equation (5) For single stars and wide binaries, we will assume that the total amount of solid material (primordial dust) that surrounds each star and mdiskight be available to accrete into larger bodies can be approximated as 10 −4 M * . This is based on submillimeter surveys of Class II sources in star-forming regions, which lead to similar disk mass distributions, for example <M disk >∼ 0.005 M in Taurus (<age>∼1 Myr) and <M disk /M * >∼ 0.01 in ρ-Oph (<age>∼0.7 Myr), where M disk includes both gas and dust (Andrews & Williams 2007) . This is comparable to the minimum-mass solar nebula of ∼0.015 M (the total disk mass required to account for the condensed material in the solar system planets). Assuming a gas-to-dust ratio of 100:1 leads to a total of ∼10 −4 M * (f solids /10 −4 ) of solids per star, where we assume f solids = 10 −4 .
3.2.2. Tight Binaries:
In the case of tight binaries, following Jackson et al. (2018) , we will assume that: (1) the circumbinary disk mass is a constant fraction of the total system mass, M disk = 0.1M sys (close to the gravitational instability limit); (2) about 10% of this material migrates in, crossing the unstable radius at which point objects are ejected (where the migration is caused by gas drag, but only operates if planetesimals are relatively small 1 km); and (3) as before, the gas-to-dust ratio is 100:1. This leads to 10 −4 M sys (f disk /0.1)(f drift /0.1), where we assume f disk = 0.1 and f drift = 0.1. There is observational evidence that indicates that planetesimal formation is a robust process that can take place under a wide range of conditions: debris disks are present around stars with more than two orders of magnitude difference in stellar luminosity, also in systems with and without binary companions (as circumstellar or circumbinary disks), and around stars with a wide range of metallicities (unlike planet bearing stars that are strongly correlated with high stellar metallicities Fisher & Valenti 2005) . This indicates that planetary systems harboring dust-producing planetesimals are more common than those with giant planets. This would be in agreement with the lack of correlation found between the presence of debris disks and the presence of highmass planets and of low-mass planets (Moro-Martín et al. 2007 and 2015, respectively) , and with the core accretion models of planet formation, where the planetesimals are the building blocks of planets and the conditions required to form planetesimals are less restricted than those to form larger planets.
Because of the above considerations, and because for single stars and wide binaries the presence of massive planets seems necessary to provide a mechanism to scatter planetesimals into interstellar space, we will assume that for these stars, the fraction contributing to the population of interstellar planetesimals is determined by those harboring massive planets, f pl , rather than those that harbor debris disks (which are evidence of the presence of dust-producing planetesimals but have the caveat that the debris disks surveys are sensitivity-limited).
For the fraction of stars harboring massive planets we adopt the nominal values of:
• f pl = 0.2 for A-K2 stars (Marcy et al. 2005; Cumming et al. 2008 ; for A-type stars there are no firm statistics because radial velocity studies are complicated by the rotational broadening of the absorption lines, the decreased number of spectral features due to high surface temperature, and a large excess velocity resulting from inhomogeneities and pulsation; Johnson et al. 2007a estimate that A-F stars are five times more likely than M dwarfs to harbor a giant planet).
• f pl = 0.03 for K2-M stars (Johnson et al. 2007b found that out of 300 M dwarfs monitored, only two have Jupiter-mass planets, while six have NeptuneUranus mass planets, giving a total frequency of planets around M dwarfs of ∼ 3%; for the purposes of this paper, we will assume f pl = 0.03 because for the lower gravitational potential of low-mass stars, Neptune-mass planets can efficiently eject planetesimals).
Tight Binaries
Following Jackson et al. (2018), we assume that all tight binary systems would contribute to the background population of interstellar objects because the ejection mechanism is provided by the tight binary dynamics rather than the presence of a massive planet. The dynamical history of the solar system can be relatively well constrained through models and observations and, as discussed in §1, these indicate that only a very small fraction of negligible mass of the initial planetesimal disk survived gravitational ejection. As discussed in §1, the efficiency of planetesimal ejection is very sensitive to the dynamical history of the system, which in turn depends strongly on the planetary configuration and planetesimal disk properties. Even though the large diversity of planetary systems indicates that their dynamical histories are also diverse, it is reasonable to assume that the efficiency of planetesimal ejection is high for many other planetary systems. See for example the dynamical models described in Raymond et al. (2018b) , that show that there is a high fraction of giant planet systems that are unstable, ∼ 90%, and that these systems are extremely efficient at ejecting planetesimals (most material out to 30 au). We therefore assume that all the circumstellar mass available to form solids is ejected in the form of objects with a wide range of sizes when massive planets are present, and only a negligible fraction is left behind (i.e. f eject = 1).
Tight Binaries: (feject/1)
In the case of tight binaries, following Jackson et al. (2018) , we assume that all the material that drifts inside the unstable radius (estimated to be 10% of the total mass) is ejected from the binary system (i.e. f eject = 1). Under this assumption, tight binaries would contribute as much as single stars with planets (per star).
3.5. Resulting Mass Density Using Equations (3) and (4), we can now calculate the contribution of stars in the different mass ranges considered to the total mass density of interstellar bodies, that would be distributed in objects with a wide range of sizes. The results are shown in Table 1 (column five) , showing the dependencies on the different factors assumed.
• For single stars and wide binaries, we estimate that the contributions from the different mass ranges are the following:
-From M-K2 stars (0.1-0.8 M ):
-From K2-A stars (0.8-2.9 M ): 
For the latter, we do not consider larger stellar masses because for M * >3 M the snowline moves quickly beyond 10-15 au before protoplanets form, limiting the formation of gas giant planets that under this scenario are required for the ejection of planetesimals.
• For tight binaries, we estimate that the contribution from systems with masses in the range 0.1-8 M is:
In this case, we take into account the contribution of intermediate-mass stars, as the presence of massive planets is not required for the ejection of the material that drifts in and crosses the unstable orbit of the system.
The values derived from Equations (6)- (8) are reflected by the dotted lines in Figures 1-7 , where the top line, labeled singles (max), corresponds to the maximum mass density of interstellar material expected to originate from single and wide binary systems if we were to assume that all stars, independently on whether or not they host a planet, contribute. The middle line, labeled close binaries, corresponds to the expected contribution from tight binary systems. And the bottom line, labeled singles (nominal), is the contribution expected from single stars and wide binaries in the nominal case under which only stars with giant planets contribute (or Neptune-size planets in the case of low-mass stars). 
Comparison between Inferred and Expected m total As mentioned above, the hypothesis that we want to test is whether the source of the population of interstellar objects could be the circumstellar and circumbinary planetesimal disks that form as part of the planetesimal/planet formation process, assuming that 1I/'Oumuamua is representative of a background population of interstellar objects that are isotropically distributed. To test this hypothesis, we now compare the mass density of interstellar objects that would be expected to have a planetesimal disk origin (discussed in § 3.5) to the value inferred from the detection of 1I/'Oumuamua (discussed in § 2.5).
Given the most likely cometary nature of the object (based on its surface physical properties, Jewitt et al. 2017 ; bulk density inferred from its tumbling state, Drahus et al. 2018 ; and recent evidence of outgassing to account for its nongravitational acceleration, Micheli et al. 2018 ), we will focus the comparison on the contribution from circumstellar planetesimal disks around single stars and wide binaries, as the majority of the objects expected to be ejected from these sources would be icy
2 . An order of magnitude estimate of this contribution can be calculated by adding Equations (6) (M-K2 stars) and (7) (K2-A stars). If we consider the nominal case in which only giant planet-hosts contribute (or Neptunesize planets in the case of low-mass stars), i.e. adopting f pl = 0.03 in Equation (6) and f pl = 0.2 in Equation (7) (because planets are required for the ejection mechanism), this number would be m total = 6.7 · 10 26 g pc −3 . We refer to this case as singles (nominal). If we consider the upper limit case in which all stars contribute, i.e. adopting f pl = 1 in both equations, we get m total = 6.7 · 10 27 g pc −3 . We refer to this case as singles (max). This latter case is particularly relevant in the context of M dwarfs, as Kepler results indicate that there is a high incident rate of terrestrial planets around these stars (Dressing & Charboneau 2015) .
In this context, circumbinary disks around tight binary systems could also be a potential source because of icy objects. Jackson et al. (2018) predicts that 64% of the ejected material in this case would be devolatized, having spent significant time close to the binary stars before being ejected, while the remaining 36% would be icy. We find that both contributions will add up to a total of m total = 2.7 · 10 27 g pc −3 [from Equation (8)]. When accounting for the fraction of icy bodies only, this would be reduced to m total = 9.7 · 10 26 g pc −3 , slightly larger than the contribution from the singles (nominal) case described above. Figures 1-7 show that, when assuming-for the population of objects from which 1I/'Oumuamua is drawna size distribution consisting in a power law with two slopes (discussed in § 2.2.1) and five slopes (discussed in § 2.2.2), the comparison between the resulting m total and the estimated values mentioned above (shown as dotted lines in the Figures), leads to the following conclusions:
• From Figure 1 : If we assume the nominal values for the cumulative number density N r R = 2 · 10 15 pc −3 , and for the object radius R = 80 m, the inferred m total that are closer to the estimated values mentioned above are of the order of m total ∼ 1 · 10 29 g pc −3 . This is about a factor 150 larger than the m total estimated for the singles (nominal) case, a factor 15 larger than that of the singles (max) case, and a factor 100 larger than that of the binaries case, where the best fit models are for q 1 ∼ 4 and q 2 4.
• From Figure 2 : If we adopt a lower value for the object radius of R = 40 m (if its albedo were to be higher, as some authors have suggested; see discussion in § 2.4), the inferred m total that are closer to the estimated values are still an order of magnitude larger than that of the singles (nominal) case, a factor of a few larger than that of the singles (max) case, and an order of magnitude larger than the binaries case, where the best fit models are for q 1 ∼ 4 and q 2 3.5-4. Note that some authors have suggested a larger effective radius for 1I/'Oumuamua (e.g. 102 m by Meech et al. 2017 and 130 m by Bolin et al. 2018) . For these large radii, the inferred m total would diverge even further from the estimated values than when assuming R = 80 m.
• From Figure 3 : If we adopt for the cumulative size distribution the value of N r R = 5 · 10 13 pc −3 (a lower limit from Feng & Jones 2018), keeping R = 80 m, the inferred m total that are closer to the estimated values are almost an order of magnitude larger than that of the singles (nominal) case, close to the value of the singles (max) case, and a factor of a few larger than the binaries case, where the best fit models are for q 1 3.5 and q 2 3.5. But this lower value of N r R , a factor of 30 lower than the initial assumption of 2 · 10 15 pc −3 from Do et al. (2018) , does not seem to be favored by their detailed study of the survey volume, and might be outside the uncertainty range for the cumulative number density 3 .
• From Figure 4 : When adopting N r R = 5 · 10 13 pc −3 and R = 40 m, the inferred m total that are closer to the estimated values would be close to that of the singles (nominal) case and the binaries case, where the best fit models are for q 1 ∼ 4 and q 2 3.5.
• From Figure 7 : Exploring what value of the cumulative number density would lead, for some of the size distributions considered, and assuming R = 80 m, to a mass density m total that is in agreement with that expected from planetesimals disks in the singles (nominal) case, we get N r R ∼ 5·10
12
3 Do et al. (2018) note that the cumulative number density of 2 · 10 15 pc −3 is an underestimate of at most 40% because the objects have a cumulative size distribution that falls at larger sizes; they also point out that the detection process is not 100% efficient and, given these inefficiencies, the detection volume could be 2/3-3/4 of the nominal value and therefore the number density could be 4/3-3/2 of their inferred number density. 
pc
−3 . For the singles (max) case, this value would be N r R ∼ 5·10 13 pc −3 . From these values, and scaling from the observed frequency of detections for PanSTARRS (1 in 3.5 years for N r R ∼ 2·10 15 pc −3 ), we can estimate what the PanSTARRS detections per year would be that we would expect from the estimated population of objects with a circumstellar disk origin. These frequencies would be: 1 detection every ∼1000 years for the singles (nominal) case, a slightly higher frequency for the binaries case, and 1 detection every ∼100 years for the singles (max) case.
• From Figure 6 : If we assume the size distribution in the five-slope case corresponding to the solar system at 4.5 Gyr, and adopting the nominal values of N r R = 2 · 10 15 pc −3 and R = 80 m, we get m total = 2.4 · 10 30 g pc −3 , about a factor of 3600 larger than the singles (nominal) case, 360 larger than the singles (max) case, and 890 larger than the binaries case. If we adopt a lower value of R = 40 m, we get m total = 5.0 · 10 29 g pc −3 , about a factor of 750 larger than the singles (nominal) case, 75 larger than the singles (max) case, and 190 larger than the binaries case. Assuming R = 80 m, exploring what value of the cumulative number density would lead to a mass density m total that is in agreement with that expected from planetesimals disks in the singles (nominal) case, we get N r R ∼ 3.3·10
11 pc −3 , while for the singles (max) case, this value would be N r R ∼ 4·10 12 pc −3 . Scaling from the observed frequency of detections for PanSTARRS, the corresponding detection frequencies would be: 1 detection every ∼18000 years for the singles (nominal) case, and 1 detection every ∼1400 years for the singles (max) case.
• From Figure 5 : If we assume the size distribution in the five-slope case corresponding to the solar system at 100 Myr, and adopting the nominal values of N r R = 2 · 10 15 pc −3 and R = 80 m, we get m total = 7.4 · 10 29 g pc −3 , about a factor of 1100 larger than the singles (nominal) case, 110 larger than the singles (max) case, and 270 larger than the binaries case. If we adopt a lower value of R = 40 m, we get m total = 1.5 · 10 29 g pc −3 , about a factor of 220 larger than the singles (nominal) case, 22 larger than the singles (max) case, and 55 larger than the binaries case. The estimates regarding the value of the cumulative number density that would lead, assuming R = 80 m, to a mass density m total that is in agreement with that expected from planetesimals disks in the singles (nominal) case is N r R ∼ 6.3·10 11 pc −3 , while for the singles (max) case this value would be N r R ∼ 1.6·10
13 pc −3 . This would correspond to 1 PanSTARRS detection every ∼9000 years for the singles (nominal) case, and 1 every ∼400 years for the singles (max) case.
IMPLICATIONS REGARDING 1I/'OUMUAMUA'S ORIGIN

Planetesimal Disk Origin
The conclusion based on our analysis above is that 1I/'Oumuamua is unlikely to be representative of an isotropically distributed background population that would result from the ejection of planetesimals that form in circumstellar and circumbinary disks, and that are part of a collisional population. This is because, if we assume 1I/'Oumuamua represents a distribution that is isotropically distributed and has a wide range of size distributions, the inferred mass density of the reservoir that 1I/'Oumuamua would have been drawn from (adopting the cumulative number density, object radius and bulk density inferred from its observations) would be higher than what could be accounted for by circumstellar and circumbinary planetesimal disks (as discussed in § 3.6). This is in agreement with Raymond et al. (2018b) , who reached a similar conclusion with regard to circumstellar disks around single stars, with the difference that our study explores a wide range of size distributions, rather than a single power law, and also addresses the contribution from binary systems.
The comparison is even less favorable when we take into account that our estimate of the total mass density of interstellar objects ejected from planetesimal disks in single and wide binary systems (described in §3.5) is likely to be an overestimate. This is because it assumes that most of the material around the stars harboring giant planets is ejected (as discussed in § 3.3.1). Ejection is indeed efficient around 1 M Jupiter planets located at 1-30 au, 0.1-10 M Jupiter planets at ∼5 au, Saturn-mass planets at 10-30 au, eccentric planets and long-period giant planets (Wyatt et al. 2017 ), but this is for the material that crosses the orbits of these planets.
A scenario that has been proposed is that 1I/'Oumuamua originated from the planetesimal disk of a young nearby star (Gaidos et al. 2017; Gaidos 2018) , in which case the ejected bodies would not be isotropically distributed. This highly anisotropic distribution, resulting in large fluctuations in space density, may favor their detection if the solar system is in its path, leading to an overestimate of the background number density, assuming it is isotropically distributed (a critical assumption we make in our study).
There are several observations that might support a young age. One is the color of the object, found not to be as red as the ultra-red bodies in the outer solar system (Jewitt et al. 2017 ), thought to be reddened by space weathering (from cosmic rays and ISM plasma). This suggests that 1I/'Oumuamua has not traveled in interstellar space during Gyr (Gaidos et al. 2017; Feng & Jones 2018; Fitzsimmons et al. 2018) .
A weaker indication of youth is its tumbling state, thought to have originated in a collision (because, if arising from sublimation torques, the sublimation levels required would have resulted in a rotational rate high enough to lead to to the rotational destruction of the object). And most probably, this collision (which could be a catastrophic collision, or collisions with minor bodies) happened at its home system (because collisions in the solar system, in particular given its highly inclined orbit, would be unlikely and would have most likely left a dust trail; Drahus et al. 2018) . Drahus et al. (2018) estimates that, for a rubble pile object with a size, shape, density, and rotational rate as inferred from 1I/'Oumuamua's observations, the damping time scale of the rotational energy (due to stresses and strains that result from its complex rotation) would be ∼ 1 Gyr, implying that the object is younger than that. But these damping times are uncertain, as Fraser et al. (2018) estimate a damping time of 3·10 9 -3·10 11 years for icy objects like 1I/'Oumuamua. The tumbling state would therefore be consistent with the scenario described above, where the object originated in a planetesimal disk around a young star because, during these periods of dynamical instability, frequent collisions are common (like during the Late Heavy Bombardment in the solar system).
The strongest argument supporting youth comes from the kinematics of the object, as it is estimated that its velocity before it entered the solar system was within 3-10 km s −1 of the velocity of the LSR (Gaidos et al. 2017; Mamajek 2017 , Do et al. 2018 , like many young stellar associations. This is because, with time, the dynamics of the objects would have been altered by passing stars, clouds, spiral arms, and star clusters, perturbing this initial LSR-like motion, resulting in a larger relative velocity with respect to the LSR. Based on this argument, Gaidos et al. (2017) estimate an age of 1 Gyr, while Feng & Jones (2018) indicate that the probability of observing the object with a velocity <10 km s −1 with respect to the LSR is 0.5, 0.26, and 0.13, for ages of 0.1 Gyr, 1 Gyr, and 10 Gyr, respectively (and these probabilities might be smaller for low-mass objects like 1I/'Oumuamua, as their orbits are more easily altered, further supporting a young age). Gaidos (2018) estimates that, if originating from the overall stellar population, the probability that the velocity of 1I/'Oumuamua coincides with that of a young association is <1%. The kinematics of the object therefore indicates a recent origin of ejection from the planetesimal disk of a young nearby association (< 100 Myr).
Some authors have attempted to identify the star or association from which 1I/'Oumuamua originated, but these studies generally do not take into account the errors in stellar positions, which is the most important source of uncertainty (Dybczyński & Królikowska 2018) . Other caveats are that young stellar associations are dispersed over 10's of pc (Gaidos 2018) , and that given the typical interstellar distance between encounters, large perpendicular displacements can be produced, making it difficult to predict the result of successive stellar encounters (Zhang 2018 ).
Other Proposed Origins
Another origin that has been proposed is ejection from a white dwarf system, either by direct ejection (Rafikov 2018) , or in a tidal disruption event (Hansen & Zuckerman 2017) . These objects, scattered by massive planets into low periastron orbits, have been proposed to account for the observed white dwarf atmospheric pollution. But the main motivation underlying the study of a potential white dwarf origin was the assumed refractory nature of 1I/'Oumuamua (based on its lack of cometary activity), as the objects around the white dwarfs would have been devolatized during the giant phase of the central star.
The recently found nongravitational acceleration of the object, and the fact that it is consistent with outgassing (Micheli et al. 2018) , together with other considerations, favor an icy composition, making a white dwarf origin less likely. Another caveat of this scenario is that the expected population of remnants would exhibit kinematic characteristics similar to that of old stars, as they would have experienced dynamical heating in the galaxy by gravitational scattering with massive objects, contrary to the observed kinematic properties of 1I/'Oumuamua (as described in § 4.1).
Other sources that have been proposed, related to compact sources, are: (1) A fragment of a tidally disrupted object around a compact star in a binary system (Ćuk 2018); but this assumes that the material is channeled into 100 m-sized objects, and also requires a parameter space in terms of binary properties that might be limited. (2) It was an object originally orbiting a star than underwent a core collapse supernova explosion and that was unbound after the sudden loss of stellar mass; but this scenario would not be able to account for the observation that 1I/'Oumuamua is dynamically cold and that the objects might have become devolatized or not survived the blast (Rafikov 2018) .
Of our two basic assumptions, that the object is representative of an isotropically distributed population, and that it is the result of a collisional cascade, we have addressed the possibility that the object does not fulfill the former (see § 4.1).
But it could also be the case that the object might not be the result of a collisional cascade. Rafikov (2018) argues that, in the scenario of tidal disruption around a white dwarf, collisional fragmentation could channel most of the original material into 0.1-1 km sized bodies, encompassing 1I/'Oumuamua's size, because this is the size at which the collisional velocity leading to catastrophic disruption is minimized. As pointed out above,Ćuk (2018) also argued that the tidally disrupted material would be channeled into 100 m-sized objects. These are interesting hypotheses but we have already pointed out that the icy nature of 1I/'Oumuamua represents a challenge to both scenarios. Raymond et al. (2018a Raymond et al. ( , 2018b ) also considered the scenario in which 1I/'Oumuamua is a fragment of a tidally disrupted planetesimal, where a small percent of planetesimals fragment into objects 100 m in size, which would dominate the distribution in number. In fact, their dynamical simulations show that ∼1% of planetesimals pass within the tidal disruption radius of a gas giant on their pathway to ejection. But what is still missing from all these scenarios are the models that predict such a narrow size distribution of the fragments.
In the context of this discussion, it is of interest to point out that, according to the models in Schlichting et al. (2013) , the dominant sizes from which planets grow might range from a few hundred meters to a few km, encompassing 1I/'Oumuamua's size. So this object could be representative of that primordial population of building blocks. On the other hand, Johansen & Lambrechts (2017) indicate that the characteristic scales of planetesimals resulting from streaming instability might be ∼100 km, much larger than 1I/'Oumuamua, but these models are not yet able to predict the size distribution resulting from this process at the small end (including 1I/'Oumuamua's size). The size distribution of this initial population of building blocks remains as one of the major open questions in planet formation and could be relevant in the context of the interstellar interlopers. In the case of the solar system, this initial size distribution has left a permanent signature in the current size distribution of small KBOs, so the study of the latter at smaller and smaller sizes will help to constrain it (Schlichting et al. 2013) .
Future detections of incoming interstellar objects like 1I/'Oumuamua will shed light on the size distribution of this population, which cannot be inferred from the detection of a single object, and this will help address the open questions about their origin.
EXPECTED FLUX OF INTERSTELLAR METEORITES AND MICROMETEORITES ON EARTH
Now we address whether the flux of meteorites and micrometeorites expected on Earth could be a discriminating measurement regarding the origin of interstellar interlopers. This flux is also of interest because of the possibility, suggested by Gaidos (2018) , that one of these interstellar objects may already be part of the collected meteorite samples. In addition, given the unusually high impact velocity of these interlopers compared to other incoming bodies, this flux can assess to what degree their larger counterparts might pose a threat.
In the calculations below, we consider two size ranges: micrometeorites with diameters in the range 20 µm-1 mm and meteorites with diameters of 2.7-12.4 cm (corresponding to 10 g-1 kg, if assuming spherical grains with bulk density of 1 g cm −3 ). For a given number density of objects, n, the average time between impacts at the at the top of the atmosphere is given by, ∆t = 1 n·A·v0 , where A is the Earth's effective cross section,
and v 0 = 26 km s −1 is the velocity of 1I/'Oumuamua with respect to the Earth, v esc = 11.2 km s −1 is the escape velocity from the Earth, and R ⊕ is the Earth's radius.
To estimate the number density of objects in the two size ranges considered (for meteorites and micrometeorites, respectively), we use the five-slope size distributions derived by Schlichting et al. (2013) , given in Equation (2), characteristic of the solar system at 100 Myr and at 4.5 Gyr. The number density would be given by
where R min and R max are the size boundaries considered, and A 1 is given by Equation (26) and depends on the cumulative number density N r R . We now carry out this calculation using the values of N r R that correspond to:
• The cumulative number density inferred from 1I/'Oumuamua's detection (assuming an isotropic distribution), N r R = 2 ·10 15 pc −3 .
• The cumulative number density that would originate from the objects ejected from circumstellar planetesimal disks (nominal case), N r R = 3.3·10 11 pc −3 , when assuming the size distribution at 4.5 Gyr, and N r R = 6.3·10 11 pc −3 , when assuming the size distribution at 100 Myr (inferred from Figures 6 and 5 in § 3.6, respectively).
• The cumulative number density that would originate from the objects ejected from circumbinary planetesimal disks, N r R = 1.4·10 12 pc −3 , when assuming the size distribution at 4.5 Gyr, and N r R = 5.6·10 12 pc −3 , when assuming the size distribution at 100 Myr (also inferred from Figures 6 and 5).
The resulting values for the expected impact frequencies and mass fluxes at the top of Earth's atmosphere are listed in Table 2 , for both micrometeorites and meteorites.
Comparing the fluxes above, for the 4.5 Gyr case, we find that the mass fluxes derived from 1I/'Oumuamua's detection for both micrometeorites and meteorites exceeds those expected from planetesimal disks by a factor of ∼ 6000 in the singles (nominal) case and a factor of ∼ 1400 in the binaries case. For the 100 Myr case, these factors are ∼ 3200 and ∼ 360, respectively. 
Observed Flux on Earth
We now compare the above mass fluxes to those measured at the Earth's atmosphere. Micrometeorites in the present day represent the most important source of ex-traterrestrial matter that falls to Earth, also contributing importantly to the composition in the regolith of other solar system bodies. Plane et al. (2018) and references therein estimate that the current influx of dust at the top of the atmosphere is ∼ (11±5.5)·10 7 g day −1 , of which 80% would correspond to micrometeorites in approximately the size range considered. For meteorites, Bland et al. (1996) estimates a present impact flux on Earth of 2.9-7.3·10 6 g day −1 for the mass range of 10 g-1 kg (corresponding to the size range considered in our calculation, when assuming spherical grains and a bulk density of 1 g cm −3 ). Because these observed fluxes for meteorites and micrometeorites are many orders of magnitude larger than those inferred from 1I/'Oumuamua's detection and expected from a planetesimal disk origin (see Table 2 ), these measurements on Earth cannot be used as a discriminating factor. The comparison to the observed fluxes also indicates that it is unlikely that one of these objects with an interstellar origin is already part of the collected meteorite samples, contrary to Gaidos (2018) . We also find that these interstellar impactors, even though they have an unusually high impact velocity compared to other incoming bodies, may not pose a particularly high threat because of their very low impact frequency compared to meteorites from other sources.
CONCLUSIONS
In this paper, we test the hypothesis that 1I/'Oumuamua is representative of a background population of interstellar objects that are isotropically distributed, are the result of a collisional cascade, and were ejected from circumstellar and circumbinary planetesimal disks as a natural product of the planetesimal/planet formation process. The recent observations supporting an icy composition of 1I/'Oumuamua make this comparison very relevant because the majority of these objects (in the case of the single stars and the wide binaries) would have originated beyond the snowline. The interesting factor is that it could provide information about the building blocks of planets in a size range that remains elusive to observations, and this can help to constrain planet and planetesimal formation models.
We do the test by comparing the mass density of interstellar objects inferred from the detection of 1I/'Oumuamua to that expected from planetesimal disks under two scenarios: circumstellar disks around single stars and wide binaries, and circumbinary disks around tight binaries. Our approach makes use of a detailed study of the PanSTARRS survey volume; takes into account that the contribution from each star to the population of interstellar planetesimals depends on the mass of the central mass, whether the star is in a single, wide binary or tight binary system, and whether it is a planethost; and takes into account a wide range of possible size distributions for the ejected planetesimals, based on solar system models and observations of its small-body population.
We find that, if we assume 1I/'Oumuamua represents a collisional population that is isotropically distributed, the inferred mass density of the reservoir that 1I/'Oumuamua would have been drawn from (adopting the cumulative number density, object radius, and bulk density inferred from its observations, and assuming a wide range of size distributions), would be higher than what could be accounted for by circumstellar and circumbinary planetesimal disks. We therefore conclude that 1I/'Oumuamua is unlikely to be representative of such a population.
We favor the scenario in which 1I/'Oumuamua is a member of a population that is highly anisotropic, which has led to an overestimate of the background number density of objects. This would be in agreement with a scenario that has been proposed where 1I/'Oumuamua originated from the planetesimal disk of a young (<100 Myr) nearby star, explaining several of the observations supporting its kinematics, icy composition, and tumbling state.
Another possibility is that 1I/'Oumuamua is not the result of a collisional cascade but of the tidal disruption of a planetesimal, in a process that would have channeled the majority of the objects into fragments of 1I/'Oumuamua's size. But the resulting size distribution from such a process is still uncertain. Or it could be representative of the primordial population of building blocks from which planets grow, with dominant sizes thought to range from a few hundred meters to a few km, encompassing 1I/'Oumuamua's size.
Finally, we compare the observed flux of meteorites and micrometeorites on Earth to those inferred from 1I/'Oumuamua's detection, and to those expected from a planetesimal disk origin. We find that in both cases the observed fluxes of meteorites and micrometeorites are many orders of magnitude larger and therefore we conclude it is unlikely that one of these objects are already part of the collected meteorite samples.
Future detections of incoming interstellar objects like 1I/'Oumuamua will shed light on the size distribution of this population, which cannot be inferred from the detection of a single object, and this will help address the open questions about their origin and meteoritic contribution.
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APPENDIX DERIVATION OF THE MASS DENSITY
A.1 Two-slope Size Distribution:
Adopting for the size distribution of interstellar objects a broken power law with two slopes, such as that in Equation (1), we calculate the total mass density of interstellar objects for a given number density of objects with radius r R, and assuming an isotropic spatial distribution. Under these assumptions, the mass distribution would be, 
where A 1 and A 2 are calculated from continuity, 
Assuming all interstellar objects have the same bulk density, ρ, the above mass distribution is equivalent to a size distribution of n(r) = A 1 · r −q1 for r < r b n(r) = A 2 · r −q2 for r > r b ,
where A 1 , A 2 , q 1 and q 2 are derived from n(m)dm = n(r)dr and given by
with q 1 = 3α 1 − 2 and q 2 = 3α 2 − 2. Substituting the expressions in Equation (12) into (14), and using m i = 
The total number density of interstellar objects with radius r R (< r b ) is given by N r R = 
For a given N r R in units of pc −3 , and with ρ in (g cm −3 ) and R and r i in cm, the total mass density of solids, m total (g pc −3 ), would be given by 
A.2 Five-slope Size Distribution:
Using the the same procedure as above, we now estimate m total for a size distribution approximated as a broken power law with five slopes, such as that in Equation (2). In this case, the mass distribution would be given by 
where A i are calculated from the corresponding continuity equations and from 
yielding, 
The corresponding size distribution would be n(r) = A 1 · r −q1 for r < r b1 n(r) = A 2 · r −q2 for r b1 < r < r b2 n(r) = A 3 · r −q3 for r b2 < r < r b3 n(r) = A 4 · r −q4 for r b3 < r < r b4 n(r) = A 5 · r −q5 for r > r b4 ,
where q i = 3α i − 2 and A i are derived from n(m)dm = n(r)dr and given by
Substituting the expressions in Equations (20), (21), and (22) into (26), and using m i = ).
Dividing both terms of Equation (27) by m total , we get m total = N r R T , with
